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doi:10.1016/j.jmii.2012.01.012Background: Rats live in close proximity to human populations. Feral rodents are known to
transmit diseases and act as reservoir hosts to many zoonotic parasites that pose health risks
to humans. The aim of this study is to investigate endoparasitic infections in commensal rats
and shrews caught in traditional wet markets in Taichung City, Taiwan.
Methods: A total of 51 commensal wild rodents and shrews were caught in traditional wet
markets in Taichung City, including 32 Rattus norvegicus, 11 R. rattus, and eight Suncus mur-
inus. All tissues, organs, and intestinal contents were carefully examined after euthanasia for
the detection of parasites.
Results: The overall prevalence of infection was 94.1%, and the infection rates in R. norvegi-
cus, R. rattus, and S. murinus were 93.8%, 90.9%, and 100.0%, respectively. Four cestodes
(Taenia taeniaeformis, Hymenolepis diminuta, H. nana, and Raillietina celebensis), seven
nematodes (Angiostrongylus cantonensis, Capillaria hepatica, Heterakis spumosa, Nippostron-
gylus brasiliensis, Strongyloides ratti, Syphacia muris, and Trichosomoides crassicauda), and
one protozoan (Sarcocystis spp.) were detected.
Conclusion: Our findings indicate that commensal rodents and shrews found in the traditional
wet markets of Taichung City are hosts to various zoonotic parasites and, therefore, pose
a serious health risk to humans and domestic animals in Taiwan.
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methanol and 10% formalin, respectively. Tissue samples ofRats survive and reproduce in households and agricultural
and commercial areas that are commonly populated by
human beings. More than 20 species of feral rodents have
been categorized as pests in tropical and subtropical coun-
tries, and these species cause tremendous losses and
damages to crops and food stocks.1 Feral rodents are known
to transmit diseases and act as reservoir hosts to many zoo-
notic parasites that pose health risks to humans, including
Angiostrongylus cantonesis, Capillaria hepatica, Hymeno-
lepis diminuta, H. nana, and Taenia taeniaeformis.2e4 The
development of control methods against zoonotic parasites
depends on knowledge of their life cycles and transmission
patterns in different zoogeographical regions. Therefore, it
is important to survey the parasites that infect rodents in
order to identify the sources of zoonotic infections.
Commensal rodents are generally found living in close
proximity to humans and often dependent on human habitats
for essential supplies such as food, water, shelter, and
space.5 Therefore, commensal rodents may play an impor-
tant role in the transmission of zoonotic parasites. Although
several studies on the endoparasites of feral rodents have
been carried out in Taiwan,6e9 limited information is avail-
able on endoparasitic infections in commensal rodents. The
aim of this study is to investigate endoparasitic infections
in commensal rats and shrews caught in traditional wet
markets in Taichung City, Taiwan.Table 1 Infection rates of endoparasites in commensal
rodents and shrews trapped in traditional wet markets
Species Number
examined
(_/\)
Number
positive
(_/\)
Infection
rate
(%)
Rattus norvegicus 32 (17/15) 30 (16/14) 93.8
Rattus rattus 11 (6/5) 10 (5/5) 90.9
Suncus murinus 8 (4/4) 8 (4/4) 100
Total 51 (27/24) 48 (25/23) 94.1Materials and methods
Trapping and identification of rodents
Rodents were captured from three traditional wet markets
in the central and south districts of Taichung City using
food-baited traps. The trapped rodents were confined in
wire cages and taken to a laboratory for further investiga-
tion. Keys and illustrations developed by Chen10 and Wilson
and Reeder11 were used to identify the various species of
rodents.
Examination for endoparasites
The rats and shrews were anesthetized by intraperitoneal
administration of 40% chloral hydrate and then euthanized
by cardiac puncture. After removing the skin, the body
cavity was slit open from the throat to the anus, thereby
revealing the esophagus, stomach, intestines, liver, and
urinary bladder. Tissue samples for the examination of
Trichinella spp. and Sarcocystis spp. were collected by
pressing the tongue and diaphragm between two glass
slides. The slides were then examined under both dissecting
and light microscopes. The esophagus, stomach, intestines,
liver, and urinary bladder of each animal were placed in
individual Petri dishes containing 0.85% sodium chloride
solution. The tubular organs, except for the liver which was
examined for the presence of cysts/nodular structures,
were flushed with phosphate-buffered saline (PBS) and/or
slit open to facilitate the detection of parasites in the
flushing solution as well as the organ itself. Small and largeparasites isolated from the tubular organs were fixed in 70%
the intestines, liver, and urinary bladder of the infected
rats, as well as those of the tongue and diaphragm with
cysts or cyst-like bodies, were fixed in 10% phosphate-
buffered formalin and stained with hematoxylin and
eosin. The parasites isolated from the skin and organs,
and those observed in the tissue samples, were identified
and documented by photomicroscopy.
Tapeworms and flukes were maintained in tap water and
then fixed in 70% alcohol, pressed between two glass slides,
stained with alum carmine, and mounted in permount.
Nematode parasites were fixed in 10% formalin and cleared
in lactophenol. Intestinal protozoa and helminth ova were
detected by performing floatation of the rats’ intestinal
contents.
Statistical analysis
The Chi-square test was used to compare differences
between groups. Probability values < 0.05 were considered
significant.
Results
A total of 51 commensal wild rodents and shrews were
collected, including 32 Rattus norvegicus (17 males and 15
females), 11 R. rattus (5 males and 6 females), and eight
Suncus murinus (5 males and 3 females). Of the 51 rodents
and shrews collected, 48 were found to host endoparasitic
infections, indicating an overall prevalence of 94.1%. The
infection rates for R. norvegicus, R. rattus, and S. murinus
were 93.8%, 90.9%, and 100.0%, respectively (Table 1). No
significant differences were observed between the
different species and sexes of the rodents and shrews
(p> 0.05).
The parasitic fauna are illustrated in Table 2. We iden-
tified four cestodes: T. taeniaeformis, H. diminuta, H.
nana, and Raillietina celebensis. T. taeniaeformis was the
most dominant parasite with an overall prevalence of
31.4%. H. nana was the dominant parasite in S. murinus
with a prevalence of 87.5%.
Seven nematodes, including A. cantonensis, C. hepatica,
Heterakis spumosa, Nippostrongylus brasiliensis, Strong-
yloides ratti, Syphacia muris, and Trichosomoides crassi-
cauda, were identified in the various tissue and organ
samples. Among these nematodes, S. ratti (84.3% overall
Table 2 Prevalence of endoparasites in commensal rodents and shrews trapped in traditional wet markets
Species Prevalence (%)
R. norvegicus
(nZ 32)
R. rattus
(nZ 11)
S. murinus
(nZ 8)
Overall
(nZ 51)
Cestodes
Taenia taeniaeformis 37.50 (12/32) 18.18 (2/11) 25.00 (2/8) 31.37 (16/51)
Hymenolepis diminuta 6.25 (2/32) 18.18 (2/11) 0 7.84 (4/51)
Hymenolepis nana 21.88 (7/32) 9.09 (1/11) 87.50 (7/8) 29.41 (15/51)
Raillietina celebensis 15.63 (5/32) 9.09 (1/11) 0 11.76 (6/51)
Nematodes
Angiostrongylus cantonensis 18.75 (6/32) 9.09 (1/11) 12.50 (1/8) 15.69 (8/51)
Capillaria hepatica 62.50 (20/32) 18.18 (2/11) 0 43.14 (22/51)
Heterakis spumosa 15.63 (5/32) 0 0 9.80 (5/51)
Nippostrongylus brasiliensis 78.13 (25/32) 36.36 (4/11) 12.50 (1/8) 58.82 (30/51)
Strongyloides ratti 90.63 (29/32) 63.64 (7/11) 87.50 (7/8) 84.31 (43/51)
Syphacia muris 0 27.27 (3/11) 0 5.88 (3/51)
Trichosomoides crassicauda 40.63 (13/32) 9.09 (1/11) 25.00 (2/8) 31.37 (16/51)
Protozoa
Sarcocystis spp. 28.13 (9/32) 9.09 (1/11) 0 19.61 (10/51)
Endoparasitic fauna of commensal rats and shrews 87prevalence) was the dominant species, followed by N.
brasiliensis (58.8%), T. crassicauda (47.1%), C. hepatica
(43.1%), and A. cantonensis (15.9%). H. spumosa was only
found in R. norvegicus (9.8%). S. muris was only found in R.
rattus (27.3%).
Only one protozoan was identified in the fauna of the
commensal rodents. Thick-walled sarcocysts containing
numerous zoites were found in tongue and diaphragm tissue
samples of R. norvegicus and R. rattus with prevalence
rates of 28.1% and 9.1%, respectively.Discussion
Three species of commensal rodents and shrews were
studied: R. norvegicus, R. rattus, and S. murinus. R. nor-
vegicus was the most abundant species, accounting for
approximately 62.7% of the total sample size. The high
prevalence of parasitic infections (93.8% in R. norvegicus,
90.9% in R. rattus, and 100% in S. murinus) indicates that
commensal rodents and shrews in traditional wet markets
have a high degree of parasitic infections, including zoo-
notic species that are transmittable to humans.
A. cantonensis, the rat lungworm, is the major pathogen
that causes eosinophilic meningitis in the Pacific Islands and
Southeast Asia.12e15 To date, more than 100 cases of
eosinophilic meningitis have been recorded in Taiwan.16,17
Rats serve as the primary host for this parasite.18 Yang
and Lu reported that 18.5% of field rodents are infected
with A. cantonesis.8 Tung et al reported that the overall
prevalence of A. cantonensis is 16.8% in rodents and shrews
on farms.7 Here, the prevalence of A. cantonensis infection
was found to be 15.9%. These findings indicate that the
extensive distribution of A. cantonensis in central Taiwan is
independent of the level of urbanization. Humans are at
high risk of A. cantonensis infection, therefore special
hygiene-related precautions should be exercised wheneating raw or undercooked snails or contaminated
vegetables.12,16,19
C. hepatica is a globally present parasite that inhabits
the livers of a wide variety of mammals, including
humans.20 This parasite is widespread among rodents across
Taiwan. Tung et al reported a 52.8% prevalence rate for
C. hepatica in 89 farm rodents,7 while we found a 51.2%
prevalence rate in this study. These findings suggest that
farms and wet markets are significantly contaminated with
C. hepatica. The rate of infection in R. norvegicus was
significantly higher than that of R. rattus. Underground
drainage systems form a major reservoir for R. norvegicus.
The workers on farms or wet markets might flush C.
hepatica eggs into the drainage systems when cleaning the
ground, thereby increasing the chances of R. norvegicus
infection. C. hepatica elicits granuloma formation and
fibrosis in the liver parenchyma of the host. Although a few
human cases have been reported,21e24 the high prevalence
of C. hepatica in commensal rodents may increase the
health risk to humans.
All four of the cestodes recovered from commensal rats
and shrews (Table 2) can be transmitted to humans. H. nana
infection was predominant in S. murinus, and similar find-
ings have been reported in previous studies.7,9 The habit of
defecating and urinating in fixed sites increases the chan-
ces of S. murinus ingesting the infective cysticercoids of
H. nana. Moreover, H. nana does not always need an
intermediate host because the eggs hatch in the intestines
of the host and grow into adult worms. This occurrence may
cause severe pathological problems in the host.4
Tung et al reported that 38.9% of the rodents and shrews
caught on farms were infected with H. diminuta.7 However,
in this study, the prevalence of H. diminuta infection was
found to be 7.8%. Beetles, fleas, caterpillars, and other
insects are hosts for the cysticercoid larvae of H. dimin-
uta.25 This tapeworm is commonly found in areas where
large amounts of grain or other dry food products that are
88 K.-C. Tung et al.preferred by rats are stored.25 These two factors are
responsible for the significantly higher prevalence of H.
diminuta infections in rats caught on farms versus those
caught in wet markets.
H. nana and H. diminuta can accidentally infect humans,
causing diarrhea and abdominal pain in case of serious
infection.26e28 Transmission of these zoonotic parasites to
humans is more frequent in areas with high temperatures
and poor sanitary conditions.4
Adult R. celebensis were recovered from the small
intestines of five R. norvegicus (15.6%) and one R. rattus
(9.1%). A previous study conducted in Kaoshung indicated
that 8.8% of R. norvegicus are infected with R. celebensis.9
However, Tung et al reported that the prevalence rate was
up to 45.3% in rodents and shrews caught on dairy farms.7
This difference can be attributed to the fact that the
rodents on farms can easily prey on beetles or ants that are
hosts to infective cysticercoids. R. celebensis infections are
uncommon in humans, however a few cases have been re-
ported in Indonesia and the French Polynesian Islands.29,30
The diversity observed in the parasitic fauna indicates
the adaptability and immense capability of rodents to
support the growth and developmental needs of these
parasites.4 The high prevalence of individual infection and
relatively high susceptibility to parasitic infections indicate
that commensal rodents and shrews from wet markets are
significantly infected with various parasites, and that they
may play an important role in the transmission of certain
zoonotic parasites to humans.
References
1. Claveria FG, Causapin J, de Guzman MA, Toledo MG,
Salibay C. Parasite biodiversity in Rattus spp caught in wet
markets. Southeast Asian J Trop Med Public Health 2005;
36(4):146e8.
2. Ito M, Itagaki T. Survey on wild rodents for endoparasites in
Iwate Prefecture. Japan. J Vet Med Sci 2003;65:1151e3.
3. Namue C, Wongsawad C. A survey of helminth infection in rats
(Rattus spp.) from Chiang Mai Moat. Southeast Asian J Trop
Med Public Health 1997;28(1):179e83.
4. Paramasvaran S, Sani RA, Hassan L, Hanjeet K, Krishnasamy M,
John J, et al. Endo-parasite fauna of rodents caught in five wet
markets in Kuala Lumpur and its potential zoonotic implica-
tions. Trop Biomed 2009;26:67e72.
5. Dykstra WW. Commensal rodents. In: Vertebrate pest control
conference. Sacramento, CA: University of Nebraska, Lincoln,
NE; February 6e7, 1962.
6. Fan PC, Chang KC. Parasitic infections among rodents and
house shrews in northern Taiwan. Chinese J Parasitol 1999;3:
79e85.
7. Tung KC, Hsiao FC, Yang CH, Chou CC, Lee WM, Wang KS, et al.
Surveillance of endoparasitic infections and the first report of
Physaloptera sp. and Sarcocystis spp. in farm rodents and
shrews in central Taiwan. J Vet Med Sci 2009;71:43e7.
8. Yang CH, Lu KH. Survey of Angiostrogylus cantonensis and
Capillaria hepatica in field rodents in Taiwan. Taiwan J Vet
Med Anim Husb 2000;70:51e7 [Chinese].9. Yen CM, Wang JJ, Lee JD, Chen YP, Chen ER. Parasitic infec-
tions among wild rats from two areas of. Kaohsiung. Kaohsiung
J Med Sci 1996;12:145e9 [Chinese].
10. Chen JTF. A synopsis of the vertebrates of Taiwan. Taipei: The
Commercial Press Ltd; 1986.
11. Wilson DE, Reeder DM. Mammal species of the world: a taxo-
nomic and geographic reference. Baltimore: Johns Hopkins
University Press; 2005.
12. Pien FD, Pien BC. Angiostrongylus cantonensis eosinophilic
meningitis. Int J Infect Dis 1999;3:161e3.
13. Punyagupta S, Juttijudata P, BunnagT. Eosinophilicmeningitis in
Thailand: clinical studies of 484 typical cases probably causedby
Angiostrongylus. Am J Trop Med Hyg 1975;24:921e31.
14. Rosen L, Chappell R, Laqueur GL. Eosinophilic meningoen-
cephalitis caused by a metastrongylid lung worm of rats. JAMA
1962;79:620e4.
15. Yii CY. Clinical observations on eosinophilic meningitis and
meningo- encephalitis caused by Angiostrongylus cantonensis
on Taiwan. Am J Trop Med Hyg 1976;25:233e49.
16. Tsai HC, Lee SS, Huang CK, Yen CM, Chen ER, Liu YC. Outbreak
of eosinophilic meningitis associated with drinking raw vege-
table juice in southern Taiwan. Am J Trop Med Hyg 2004;71:
222e6.
17. Tsai HC, Liu YC, Kunin CM, Lee SS, Chen YS, Lin HH, et al.
Eosinophilic meningitis caused by Angiostrongylus cantonensis:
report of 17 cases. Am J Med 2001;111:109e14.
18. Bhaibulaya M. Comparative studies on the life history of
Angiostrongylus mackerrasae Bhaibulaya, 1968 and Angios-
trongylus cantonensis (Chen,1935). Int J Parasitol1975;5:7e20.
19. Wang QP, Lai DH, Zhu XQ, Chen XG, Lun ZR. Human angios-
trongyliasis. Lancet Infect Dis 2008;8:621e30.
20. Attah EB, Nagarajan S, Obineche EN, Gera SC. Hepatic capil-
lariasis. Am J Clin Pathol 1983;79:127e30.
21. Choe G, Lee HS, Seo JK, Chai JY, Lee SH, Eom KS, et al. Hepatic
capillariasis: first case report in the Republic of Korea. Am
J Trop Med Hyg 1993;48:610e25.
22. Klenzak J, Mattia A, Valenti A, Goldberg J. Hepatic capillariasis
in Maine presenting as a hepatic mass. Am J Trop Med Hyg
2005;72:651e3.
23. Nabi F, Palaha HK, Sekhsaria D, Chiatale A. Capillaria hepatica
infestation. Indian Pediatr 2007;44:781e2.
24. Sawamura R, Fernandes MI, Peres LC, Galva˜o LC, Goldani HA,
Jorge SM, et al. Hepatic capillariasis in children: report of 3
cases in Brazil. Am J Trop Med Hyg 1999;61:642e7.
25. Andreassen J, Bennet-Jenkins EM, Bryant C. Immunology and
biochemistry of Hymenolepis diminuta. Adv Parasitol 1999;42:
223e75.
26. Hamrick HJ, Bowdre JH, Church SM. Rat tapeworm (Hymeno-
lepis diminuta) infection in a child. Pediatr Infect Dis J 1990;9:
216e9.
27. Mirdha BR, Samantray JC. Hymenolepis nana: a common cause
of paediatric diarrhoea in urban slum dwellers in India. J Trop
Pediatr 2002;48:331e4.
28. Sirivichayakul C, Radomyos P, Praevanit R, Pojjaroen-Anant C,
Wisetsing P. Hymenolepis nana infection in Thai children.
J Med Assoc Thai 2000;83:1035e8.
29. Margono SS, Handojo I, Hadidjaja P, Mahfudin H. Raillietina
infection in children in Indonesia. Southeast Asian J Trop Med
Public Health 1977;8:195e9.
30. Rougier Y, Legros F, Durand JP, Cordoliani Y. Four cases of
parasitic infection by Raillietina (R.) celebensis (Kanicki, 1902)
in French Polynesia. Trans R Soc Trop Med Hyg 1981;75:121.
